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(57) ABSTRACT 

A non-volatile programmable memory cell suitable for use in 
a programmable logic array includes a non-volatile MOS 
transistor of a ?rst conductivity type in series With a volatile 
MOS transistor of a second conductivity type. The non-vola 
tile MOS transistor may be a ?oating gate transistor, such as 
a ?ash transistor, or may be another type of non-volatile 
transistor such as a ?oating charge-trapping SONOS, 
MONOS transistor, or a nano-crystal transistor. A volatile 
MOS transistor, an inverter, or a buffer may be driven by 
coupling its gate or input to the common connection betWeen 
the non-volatile MOS transistor and the volatile MOS tran 
sistor. 
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NON-VOLATILE PROGRAMMABLE 
MEMORY CELL FOR PROGRAMMABLE 

LOGIC ARRAY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of co-pending US. 
patent application Ser. No. 11/233,396, ?led Sep. 21, 2005, 
the entirety of Which is hereby incorporated by reference as if 
set forth herein. 

BACKGROUND OF THE INVENTION 1. Field of 
the Invention 

The present invention relates to non-volatile-memory 
based programmable logic devices. More particularly, the 
present invention pertains to memory cells for use in non 
volatile-memory based programmable logic devices such as 
?eld-programmable-gate-array (FPGA) devices. 2. The Prior 
Art 
Numerous non-volatile memory cells have been proposed 

for use in programmable logic devices such as FPGAs. As 
non-exhaustive examples, US. Pat. No. 6,144,580 discloses 
embodiments Where p-channel and n-channel non-volatile 
MOS transistors are connected in series and have different 
control gate connection arrangements. US. Pat. No. 6,356, 
478 discloses p-channel and n-channel non-volatile MOS 
transistors sharing a common ?oating gate and a common 
control gate. US. Pat. No. 5,740,106 discloses several differ 
ent variations on p-channel and n-channel non-volatile MOS 
transistors connected in series. Some share common ?oating 
gates. US. Pat. No. 5,847,993 discloses several different 
variations on p-channel and n-channel volatile and non-vola 
tile MOS transistors connected in series. Some share common 
?oating gates. US. Pat. No. 5,640,344 discloses p-channel 
and n-channel non-volatile MOS transistors sharing a com 
mon ?oating gate and a common control gate. 

BRIEF DESCRIPTION OF THE INVENTION 

A non-volatile programmable memory cell suitable for use 
in a programmable logic array includes a non-volatile MOS 
transistor in series With a volatile MOS transistor. The non 
volatile MOS transistor may be a ?oating gate transistor, such 
as a ?ash transistor, or may be another type of non-volatile 
transistor such as a ?oating charge-trapping SONOS, 
MONOS transistor, or a nano-crystal transistor. A volatile 
MOS transistor, an inverter, or a buffer may be driven by 
coupling its gate or input to the common connection betWeen 
the non-volatile MOS transistor and the volatile MOS tran 
sistor. 

According to one aspect of the invention, a non-volatile 
n-channel MOS pulldoWn transistor is placed in series With a 
p-channel MOS pullup transistor. An n-channel MOS tran 
sistor has its gate coupled to the common connection betWeen 
the non-volatile n-channel MOS pulldoWn transistor and the 
p-channel MOS pullup transistor. In a variation of this 
arrangement, an inverter or buffer may have its input coupled 
to the common connection betWeen the non-volatile n-chan 
nel MOS pulldoWn transistor and the p-channel MOS pullup 
transistor. 

According to another aspect of the invention, a non-volatile 
p-channel MOS pullup transistor is placed in series With a 
n-channel MOS pulldoWn transistor. An n-channel MOS tran 
sistor has its gate coupled to the common connection betWeen 
the non-volatile p-channel MOS pullup transistor and the 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
n-channel MOS pulldoWn transistor. In a variation of this 
arrangement, an inverter or buffer may have its input coupled 
to the common connection betWeen the non-volatile p-chan 
nel MOS pullup transistor and the n-channel MOS pulldoWn 
transistor. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

FIGS. 1A through 1D are schematic diagrams illustrating 
various non-volatile programmable memory cells using 
n-channel non-volatile MOS transistors, volatile p-channel 
MOS pullup transistors and n-channel transistors as sWitches. 

FIGS. 2A through 2D are schematic diagrams illustrating 
various non-volatile programmable memory cells using 
p-channel non-volatile MOS transistors, volatile n-channel 
MOS pulldoWn transistors and n-channel transistors as 
sWitches. 

FIG. 3 is a top vieW of a portion of a layout diagram 
illustrating one technique for increasing the programming 
current in memory cells that are programmed using hot car 
rier injection programming. 

FIG. 4 is a schematic diagram illustrating another tech 
nique for increasing the programming current in memory 
cells that are programmed using hot carrier injection pro 
gramming. 

FIG. 5 is a schematic diagram illustrating a radiation 
tolerant version of a memory cell according to the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Persons of ordinary skill in the art Will realiZe that the 
folloWing description of the present invention is illustrative 
only and not in any Way limiting. Other embodiments of the 
invention Will readily suggest themselves to such skilled per 
sons. 

Referring ?rst to FIGS. 1A through 1D, schematic dia 
grams shoW several versions of a non-volatile memory cell 
according to the present invention in Which a non-volatile 
MOS pulldoWn transistor is used in conjunction With a vola 
tile pullup transistor. The combination of the non-volatile 
device and the volatile device is used to drive a sWitch. 

First, in FIG. 1A, memory cell 10 is shoWn. Reference 
numeral 12 represents a non-volatile pulldoWn device, refer 
ence numeral 14 represents a volatile pullup device. Refer 
ence numeral 16 represents a sWitch controlled by the devices 
12 and 14 that may be used to control circuitry or selectively 
make interconnects. As presently contemplated, sWitch 16 
may comprise a single transistor, an inverter, a buffer (tWo 
inverters in series) or other device. SWitch 16 may even be 
itself the input of a multiplexer. 

Referring noW to FIG. 1B, memory cell 20 is shoWn. 
N-channel ?oating-gate MOS transistor 22 has its source 
coupled to ground and its drain coupled to the drain of p-chan 
nel MOS pullup transistor 24. The source of p-channel pullup 
transistor 24 is coupled to the supply potential VCC. The 
common drain connection of transistors 22 and 24 is coupled 
to the gate of n-channel sWitch transistor 26. The source and 
drain of n-channel MOS sWitch transistor 26 may be con 
nected to routing lines or logic circuits such as multiplexers, 
LUTs, etc. to provide programmable functions as Will be 
disclosed herein. 

N-channel ?oating-gate MOS transistor 22 may be a ?oat 
ing gate transistor such as an EEPROM transistor or a ?ash 
transistor as is knoWn in the art. Its gate may be coupled to a 
circuit that provides the proper voltages for programming and 
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erasing the memory cell 20, and also uses the memory cell 20 
during normal circuit operation. The particular potentials 
used for these operations Will vary as a function of the type of 
transistor technology employed and the process geometry. 

Referring noW to FIG. 1C, another embodiment of the 
programmable cell of the present invention is shoWn as 
memory cell 30. N-channel ?oating charge-trap MOS tran 
sistor 32 has its source coupled to ground and its drain 
coupled to the drain of p-channel MOS pullup transistor 34. 
The source of p-channel pullup transistor 34 is coupled to the 
supply potential VCC. The common drain connection of tran 
sistors 32 and 34 is coupled to the gate of n-channel sWitch 
transistor 36. The source and drain of n-channel MOS sWitch 
transistor 36 may be connected to provide programmable 
functions as Will be disclosed herein. 

N-channel ?oating charge-trap MOS transistor 32 may be 
fabricated using MNOS, SONOS, and other charge-trapping 
structures. Its gate, source, and drain may be coupled to a 
circuit to provide the proper voltages for programming and 
erasing the memory cell 30, and for using the memory cell 30 
during normal circuit operation. The particular potentials 
used for these operations Will vary as a function of the type of 
transistor technology employed and the process geometry. As 
an example, Where a high-voltage p-channel MOS pullup 
transistor 34 is used, the folloWing illustrative potentials may 
be applied for program, erase, and normal operation of the 
cell: 

N-(“hannel P-(“hannel 

VG Vs vpewell VG Vs Vrkwell 

Program 7 V 3.5 V 0 V —l.5 V ~0 V 3.3 V 
Erase —9 V 5 V 5 V 5 V 5 V 5 V 
Normal ~2 V 0 V 0 V ~3.l V 3.3 V 3.3 V 
Operation 

Discrete charge trapping devices are less vulnerable to 
tunnel oxide defects than are ?oating gate devices and their 
use may be preferable because of this characteristic. 

Referring noW to FIG. 1D, another embodiment of the 
programmable cell of the present invention is shoWn as 
memory cell 40. N-channel nano-crystal MOS transistor 42 
has its source coupled to ground and its drain coupled to the 
drain of p-channel MOS pullup transistor 44. The source of 
p-channel pullup transistor 44 is coupled to the supply poten 
tial VCC. The common drain connection of transistors 42 and 
44 is coupled to the gate of n-channel sWitch transistor 46. 
The source and drain of n-channel MOS sWitch transistor 46 
may be connected to provide programmable functions as Will 
be disclosed herein. 

N-channel nano-crystal MOS transistor 42 may be fabri 
cated using known charge-trapping nano-crystal processing 
techniques. Its gate may be coupled to a circuit to provide the 
proper voltages for programming and erasing the memory 
cell 40, and for using the memory cell 40 during normal 
circuit operation. The particular potentials used for these 
operations Will vary as a function of the technology employed 
and the process geometry. 

In all of the cells shoWn in FIGS. 1A through 1D, the 
volatile p-channel MOS transistor charges the common drain 
connection of the p-channel and n-channel transistors, and 
thus the gate of the sWitching transistor, to either 0V or about 
VCC depending on Whether or not the non-volatile transistor is 
programmed. When the non-volatile transistor is turned on, it 
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4 
is preferable to bias the p-channel transistor for subthreshold 
conduction to limit current ?oW. 

Persons of ordinary skill in the art Will recogniZe that the 
devices used in the various embodiments of the present inven 
tion must be able to Withstand the potentials that Will be 
encountered during programming and erasing of the memory 
cells. The potentials used Will of course depend on the type of 
non-volatile technology used as Well as the device geom 
etries. 

Referring noW to FIGS. 2A through 2D, schematic dia 
grams shoW several non-volatile memory cells according to 
the present invention in Which a non-volatile MOS pullup 
transistor is used in conjunction With a volatile pulldoWn 
transistor. The combination of the non-volatile device and the 
volatile device are used to drive a sWitch. 

Referring noW to FIG. 2A, memory cell 50 is shoWn. Ref 
erence numeral 52 represents a non-volatile pullup device, 
reference numeral 54 represents a volatile pulldoWn device. 
Reference numeral 56 represents a sWitch controlled by the 
devices 52 and 54 that may be used to control circuitry or 
selectively make interconnects. As presently contemplated, 
sWitch 56 may comprise a single transistor, an inverter, a 
buffer (tWo inverters in series) or other device. SWitch 56 may 
even be itself the input of a multiplexer. 

Referring noW to FIG. 2B, memory cell 60 is shoWn. In 
normal operation, P-channel ?oating-gate MOS transistor 62 
has its source coupled to VCC and its drain coupled to the drain 
of n-channel MOS pulldoWn transistor 64. The source of 

n-channel pulldoWn transistor 64 is coupled to the supply 
potential ground in normal operation. The common drain 
connection of transistors 62 and 64 is coupled to the gate of 
n-channel sWitch transistor 66. The source and drain of 

n-channel MOS sWitch transistor 66 may be connected to 

provide programmable functions as Will be disclosed herein. 

P-channel ?oating-gate MOS transistor 62 may be an 
EEPROM transistor or a ?ash transistor as is knoWn in the art. 

Its gate may be coupled to a circuit to provide the proper 
voltages for programming and erasing the memory cell 60, 
and for using the memory cell 60 during normal circuit opera 
tion. The particular potentials used for these operations Will 
vary as a function of the technology employed and the process 
geometry. 

Referring noW to FIG. 2C, memory cell 70 is shoWn. 
P-channel ?oating charge-trap MOS transistor 72 has its 
source coupled to VCC and its drain coupled to the drain of 
n-channel MOS pulldoWn transistor 74. The source of 
n-channel pulldoWn transistor 74 is coupled to the supply 
potential ground. The common drain connection of transis 
tors 72 and 74 is coupled to the gate of n-channel sWitch 
transistor 76. The source and drain of n-channel MOS sWitch 
transistor 76 may be connected to provide programmable 
functions as Will be disclosed herein. 

P-channel ?oating charge-trap MOS transistor 72 may be 
fabricated using MNOS, SONOS, and other charge-trapping 
structures. Its gate may be coupled to a circuit to provide the 
proper voltages for programming and erasing the memory 
cell 70, and for using the memory cell 70 during normal 
circuit operation. The particular potentials used for these 
operations Will vary as a function of the technology employed 
and the process geometry. As an example, Where a high 
voltage n-channel MOS pulldoWn transistor 74 is used, the 
folloWing illustrative potentials may be encountered: 
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N-Channel P-Channel 

VG VD Vs vpiwell VG VD Vs Vrkwell 

Program 6 V Float 6 V 2 V —8 V Float +0 V 6 V 
Erase 5 V Float 5 V 5 V —9 V Float +5 5 V 
Normal .01 V Float 0 V 0 V 3 3 V Float +3.3 3.3 V 
Operation 

Discrete charge trapping devices are less vulnerable to 
tunnel oxide defects than are ?oating gate devices and their 
use may be preferable because of this characteristic. 

Referring now to FIG. 2D, memory cell 80 is shown. 
P-channel nano-crystal MOS transistor 82 has its source 
coupled to VCC and its drain coupled to the drain of n-channel 
MOS pulldown transistor 84. The source of n-channel pull 
down transistor 84 is coupled to the supply potential ground. 
The common drain connection of transistors 82 and 84 is 
coupled to the gate of n-channel switch transistor 86. The 
source and drain of n-channel MOS switch transistor 86 may 
be connected to provide programmable functions as will be 
disclosed herein. 

P-channel nano-crystal MOS transistor 82 may be fabri 
cated using known nano-crystal processing techniques. Its 
gate may be coupled to a circuit to provide the proper voltages 
for programming and erasing the memory cell 80, and for 
using the memory cell 80 during normal circuit operation. 
The particularpotentials used for these operations will vary as 
a function of the technology employed and the process geom 
etry. 

In all of the cells shown in FIGS. 2A through 2D, the 
volatile n-channel MOS transistor charges the common drain 
connection of the p-channel and n-channel transistors, and 
thus the gate of the switching transistor, to ground depending 
on whether or not the non-volatile transistor is programmed. 

As with the embodiments of FIGS. 1A through 1D, persons 
of ordinary skill in the art will recognize that the devices used 
in the various embodiments of the present invention shown in 
FIGS. 2A through 2D must be able to withstand the potentials 
that will be encountered during programming and erasing of 
the memory cells. The potentials used will of course depend 
on the type of non-volatile technology used as well as the 
device geometries. 
More particularly, in all of the embodiments shown in 

FIGS. 1A through 1D and 2A through 2D, the gate of the 
n-channel MOS switch transistor is coupled to the drain of 
either the n-channel MOS memory transistor (identi?ed by 
reference numerals 12, 22, 32, and 42 of FIGS. 1A through 
1D) or the p-channel MOS memory transistor (reference 
numerals 52, 62, 72, and 82 ofFIGS. 2A through 2D, respec 
tively). The gate oxide of the n-channel MOS switch transis 
tor in each of the illustrated embodiments must be designed to 
be capable of withstanding the highest potential that it will 
possibly encounter during programming and erase opera 
tions. 

In some embodiments, the non-volatile memory transistors 
are programmed using hot carrier injection programming, 
which is a current density dependent programming mecha 
nism. For example, a nano-crystal device may require 100 
microamps for every 0.18 microns of device width. A large 
programming current requires a larger volatile pullup (or 
pulldown) device. As memory cell sizes shrink, the cells have 
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an increasingly limited I PP. This may begin to become an 
issue for cells that use HCI (Hot Carrier electron Injection) for 
programming. 

Referring now to FIG. 3, a top view is shown of a portion of 
a layout diagram for a non-volatile transistor that may be used 
in the present invention employing a technique for increasing 
the programming current in memory cells that are pro 
grammed using hot carrier injection programming. In order to 
reduce the siZe of a non-volatile pull-up device for a program 
mable cell of the present invention, but maintain the required 
current density, the channel width of the non-volatile device 
may be reduced in a relevant area. According to this aspect of 
the present invention, the active channel area is narrowed 
down or “dogboned” from the non-volatile contact to a 
smaller width at the nano-crystal channel. Thus, as shown in 
FIG. 3, diffused region 90 is disposed between contacts 92 
and 94. The channel region 96 disposed below gate 98 is 
narrowed down or “dogboned” to allow a greater current 
density during programming. In a typical nano-crystal tran 
sistor having a nominal channel width of about 0.2 microns, 
the width can be narrowed to about 0.12 microns to achieve 
the satisfactory current density increase for the purposes of 
the present invention. 

FIG. 4 is a schematic diagram illustrating a programmable 
cell according to the invention employing another technique 
for increasing the programming current in memory cells that 
are programmed using hot carrier injection programming. As 
shown in FIG. 4, nano-crystal n-channel MOS memory cell 
transistor 100 is connected in series with p-channel MOS 
pullup transistor 102. FIG. 4 shows illustrative bias-voltage 
conditions that may be used during programming of nano 
crystal n-channel MOS memory cell transistor 100 in accor 
dance with the present invention. 
By tying the drain of the p-channel MOS pullup transistor 

102 into the n-well in which it is formed, value of I PP can be 
further increased beyond just passing current through its 
channel. This aids in the HCI programming time and reduces 
the burden of increasing the bias on the p-channel MOS 
pullup transistor 102 or increasing its siZe in order to accom 
modate a higher I PP. 

In the memory cells disclosed herein, if a radiation particle 
strikes the node containing the gate of the n-channel MOS 
switch transistor, the node may be discharged from VCC to 
ground or to the bias of the substrate or p-well containing the 
device (which is normally ground). This causes the switch(es) 
to turn off. It will take the p-channel pullup transistor about 
1-10 microseconds to charge this node back up to operating 
voltage, during which time the FPGA may not function cor 
rectly. 

FIG. 5 is a schematic diagram illustrating a radiation 
tolerant version of a memory cell according to the present 
invention that avoids this problem. As in the memory cells 
disclosed with reference to FIGS. 1A through 1D, the radia 
tion-tolerant memory cell 110 of FIG. 5 includes a non 
volatile memory transistor 112 in series with a volatile pullup 
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transistor 114. The common drain node 116 of the tWo tran 
sistors is seen driving the gates of three n-channel MOS 
switching transistors 118, 120, and 122 through resistor 124. 
By adding a resistor 124 of proper value betWeen common 

drain node 116 and the gate of the ?rst sWitch 118 to Which 
node 116 is connected, the RC time constant of the circuit 
may be modi?ed so that the RC time constant is greater than 
the time it takes the volatile p-channel transistor to recharge 
node 116 (the recovery time of the cell) following a disruption 
(e.g., by energy from radiation or a charged particle). For 
example, if the recovery time is l microsecond and the gate 
capacitance is l><l0_l4 Farads, then the resistance needs to be 
greater than 100 MegaOhms (R:T/C:l0_6/l0_14:l08). This 
type of resistor may be constructed of undoped or very lightly 
doped polysilicon, as Well knoWn in the art. 

Persons of ordinary skill in the art Will appreciate that the 
solution shoWn in FIG. 5 Will Work equally Well With the 
memory cells shoWn in FIGS. 2A through 2D using p-channel 
non-volatile MOS memory transistors and n-channel pull 
doWn transistors. 

While embodiments and applications of this invention 
have been shoWn and described, it Would be apparent to those 
skilled in the art that many more modi?cations than men 
tioned above are possible Without departing from the inven 
tive concepts herein. The invention, therefore, is not to be 
restricted except in the spirit of the appended claims. 

What is claimed is: 
1. A non-volatile programmable memory cell comprising: 
a non-volatile MOS transistor of a ?rst conductivity type 

having a ?rst source/drain connected to a ?rst poWer 
supply potential, a second source/ drain connected to an 
output node, a ?oating gate, and a control gate, the 
control gate connected to a non-volatile control gate 
node; 

a volatile MOS transistor of a second conductivity type 
having a ?rst source/ drain connected to the output node, 
a second source/drain connected to a second poWer sup 
ply potential and a control gate connected to a volatile 
control gate node separate from the non-volatile control 
gate node; and 

a volatile sWitch coupled to the output node through a 
resistor; 

Wherein an RC time constant of the memory cell is greater 
than a recovery time of the memory cell. 

2. The non-volatile programmable memory cell of claim 1 
Wherein the volatile sWitch is a volatile MOS transistor hav 
ing a gate coupled to the output node. 

3. The non-volatile programmable memory cell of claim 1 
Wherein the volatile sWitch is a plurality of volatile MOS 
transistors of the same conductivity type each having a gate 
coupled to the output node. 

4. The non-volatile programmable memory cell of claim 1 
Wherein the volatile sWitch is an inverter having an input 
coupled to the output node. 

5. The non-volatile programmable memory cell of claim 1 
Wherein the volatile sWitch is a buffer having an input coupled 
to the output node. 

6. The non-volatile programmable memory cell of claim 1 
Wherein the non-volatile MOS transistor is a ?oating gate 
transistor. 

7. The non-volatile programmable memory cell of claim 1 
Wherein the non-volatile MOS transistor is a ?ash transistor. 

8. The non-volatile programmable memory cell of claim 1 
Wherein the non-volatile MOS transistor is a charge-trapping 
transistor. 
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8 
9. The non-volatile programmable memory cell of claim 1 

Wherein the non-volatile MOS transistor is a nano-crystal 
transistor. 

10. The non-volatile programmable memory cell of claim 
1 Wherein the ?rst conductivity type is N and the second 
conductivity type is P. 

11. The non-volatile programmable memory cell of claim 
1 Wherein the ?rst conductivity type is P and the second 
conductivity type is N. 

12. The non-volatile programmable memory cell of claim 
1 Wherein the ?rst conductivity type is N, the second conduc 
tivity type is P, and the volatile MOS transistor is N type. 

13. The non-volatile programmable memory cell of claim 
1 Wherein the ?rst conductivity type is P, the second conduc 
tivity type is N, and the volatile MOS transistor is N type. 

14. The non-volatile programmable memory cell of claim 
1 Wherein the non-volatile MOS transistor has an active chan 
nel area de?ned in an active region disposed betWeen tWo 
contacts, the active region in the active channel area having a 
Width narroWer than the Width of the active region at the tWo 
contacts. 

15. The non-volatile programmable memory cell of claim 
14 Wherein the Width of the active region in the active channel 
area is about 0.12 microns and the Width at of the active region 
at the tWo contacts is about 0.2 microns. 

16. A non-volatile programmable memory cell compris 
mg: 

a non-volatile n-channel MOS pulldoWn transistor having 
a source connected to a ?rst poWer supply potential, a 
drain connected to an output node, a ?oating gate and a 
control gate, the control gate coupled to a non-volatile 
gate node; 

a volatile p-channel MOS pullup transistor having a source 
connected to a second poWer supply potential, a drain 
connected to the output node, and a control gate coupled 
to a volatile gate node separate from the non-volatile 
control gate node; 

a volatile sWitch coupled to the output node through a 
resistor; 

Wherein an RC time constant of the memory cell is greater 
than a recovery time of the memory cell. 

17. The non-volatile programmable memory cell of claim 
16 Wherein the volatile sWitch is a volatile n-chamel MOS 
transistor having a gate coupled to the output node. 

18. The non-volatile programmable memory cell of claim 
1 6 Wherein the volatile sWitch is a plurality of volatile n-chan 
nel MOS transistors each having a gate coupled to the output 
node. 

19. The non-volatile programmable memory cell of claim 
16 Wherein the volatile sWitch is an inverter having an 
coupled to the output node. 

20. The non-volatile programmable memory cell of claim 
16 Wherein the volatile sWitch is a buffer having an input 
coupled to the output node. 

21. The non-volatile programmable memory cell of claim 
16 Wherein the non-volatile n-channel MOS transistor is a 
?oating gate transistor. 

22. The non-volatile programmable memory cell of claim 
16 Wherein the non-volatile n-channel MOS transistor is a 
?ash transistor. 

23. The non-volatile programmable memory cell of claim 
16 Wherein the non-volatile n-channel MOS transistor is a 
?oating charge-trapping transistor. 

24. The non-volatile programmable memory cell of claim 
16 Wherein the non-volatile n-channel MOS transistor is a 
nano-crystal transistor. 
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25. The non-volatile programmable memory cell of claim 
16 Wherein the non-volatile MOS transistor has an active 
channel area de?ned in an active region disposed betWeen tWo 
contacts, the active region in the active channel area having a 
Width narroWer than the Width of the active region at the tWo 
contacts. 

26. The non-volatile programmable memory cell of claim 
25 Wherein the Width of the active region in the active channel 
area is about about 0.12 microns and the Width at of the active 
region at the tWo contacts is about 0.2 microns. 

27. A non-volatile programmable memory cell compris 
ing: 

a non-volatile p-channel MOS pullup transistor having a 
source connected to a ?rst poWer supply potential, a 
drain connected to an output node, a ?oating gate, and a 
control gate, the control gate coupled to a non-volatile 
gate node; 

a volatile n-channel MOS pulldoWn transistor having a 
source connected to a second poWer supply potential, a 
drain connected to the output node, and a control gate 
coupled to a volatile gate node separate from the non 
volatile control gate node; and 

a volatile sWitch coupled to the output node through a 
resistor; 

Wherein an RC time constant of the memory cell is greater 
than a recovery time of the memory cell. 

28. The non-volatile programmable memory cell of claim 
27 Wherein the volatile sWitch is a volatile n-channel MOS 
transistor having a gate coupled to the output node. 

29. The non-volatile programmable memory cell of claim 
27 Wherein the volatile sWitch is a plurality of volatile n-chan 
nel MOS transistors each having a gate coupled to the output 
node. 
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30. The non-volatile programmable memory cell of claim 

27 Wherein the volatile sWitch is an inverter having an input 
coupled to the output node. 

31. The non-volatile programmable memory cell of claim 
27 Wherein the volatile sWitch is a buffer having an input 
coupled to the output node. 

32. The non-volatile programmable memory cell of claim 
27 Wherein the non-volatile n-channel MOS transistor is a 
?oating gate transistor. 

33. The non-volatile programmable memory cell of claim 
27 Wherein the non-volatile n-channel MOS transistor is a 
?ash transistor. 

34. The non-volatile programmable memory cell of claim 
27 Wherein the non-volatile n-channel MOS transistor is a 
?oating charge-trapping transistor. 

35. The non-volatile programmable memory cell of claim 
27 Wherein the non-volatile n-channel MOS transistor is a 
nano-crystal transistor. 

36. The non-volatile programmable memory cell of claim 
27 Wherein non-volatile MOS transistor has an active channel 
area de?ned in an active region disposed betWeen tWo con 
tacts, the active region in the active channel area having a 
Width narroWer than a the Width of the active region at the tWo 
contacts. 

37. The non-volatile programmable memory cell of claim 
3 6 Wherein the Width of the active region in the active channel 
area is about about 0.12 microns and the Width at of the active 
region at the tWo contacts is about 0.2 microns. 


